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(57) Abstract 

An IP data transport method and system that makes efficient use of the subscriber television system bandwidth and uses the existing 
structure and equipment of the subscriber television system. The method allows several levels of IP data service within a subscriber television 
system. A subnet connection is established between an IP server in a headend and an external network. The existing communications paths 
within a subscriber television system are used to establish an IP communications route between the headend and a Home Communications 
Terminal (HCT). The data is communicated in a Motion Picture Experts Group (MPEG) format. Encapsulating the IP data into an MPEG 
format allows the existing systems to transport the IP data in the same packet streams it uses for video, audio, and control data. 
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METHOD FOR DELIVERY OF IP DATA OVER MPEG-2 TRANSPORT NETWORKS 

FIELD OF THE INVENTION 

This present invention relates to data transport over subscriber television systems and, more 
specifically, to the transport of Internet Protocol (IP) data over digital broadband subscriber 
television systems. 

BACKGROUND OF THE INVENTION 



The number of people using the Internet from their home continues to increase. As the 
1 5 number of users increases, there is greater interest in increasing the speed of Internet Protocol 
(IP) data transport, which would reduce the amount of time required to access Internet sites and 
the amount of time spent waiting for files to download. Most Internet users currently use a 
twisted pair telephone line to access an Internet Service Provider (ISP), which provides access to 
the Internet. The bandwidth of a subscriber television system allows faster transport of IP data 
20 than existing twisted pair telephone lines. As a result, many Internet users are interested in 

switching to the subscriber television system as the IP data transport service becomes available. 
Subscriber television system operators provide IP data connections because they provide 
additional revenue. 

Current systems for transporting IP data over subscriber television systems dedicate a fixed 
25 and separate portion of the bandwidth to each Internet user. Dedicating a portion of the 

bandwidth to each Internet user provides a continuous data path for each user. Fixing a portion of 
the bandwidth provides every Internet user with a standard sized portion of the available 
bandwidth. Assigning the IP data to IP-only channels or communications paths isolates the IP 
data from the data associated with other services provided on the subscriber television system. 
30 IP-only channels often use unique formats for the IP data. The Data Over Cable Service 
Interoperability Specification (DOCSIS) standard is an example of a current system that 
dedicates a fixed and separate portion of the bandwidth to each user. 

Dedicating a fixed and separate bandwidth for each Internet user can strain the resources of 
an IP data transport system as a subscriber television system adds additional Internet users. While 
35 digital applications expand the amount of information that can flow through the bandwidth of a 
subscriber television system, there is still only so much bandwidth, which must carry television 
programming and other services in addition to IP data. As Internet users request access, the 
system assigns a fixed standard size portion of the bandwidth to each user regardless of each 

1 
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user's particular requirements. The operator of a subscriber television system sets a maximum 
amount of bandwidth for IP data transport. Once the amount of bandwidth reserved for IP data 
transport reaches that maximum, the system denies the next request for Internet access. The 
subscriber television operator then has to deal with the customer dissatisfaction resulting from 
5 the denied access. 

An additional impact of dedicating bandwidth to each Internet user is that there are large 
periods of time when a user is reading information and not transmitting or receiving IP data. The 
bandwidth remains dedicated to each user even when it is not being used. This is an inefficient 
use of bandwidth. There are typically a large number of users reviewing material and not actively 
10 using the dedicated bandwidth. Once the system reaches the maximum bandwidth reserved for IP 
data transport it starts denying access. This results in the subscriber television system denying 
access to additional users because all of the allotted bandwidth has been allocated, even if it is 
not being used. 

As mentioned above, current systems use a separate portion of the bandwidth to transport 
1 5 the IP data. Current systems use special IP data channels or out-of-band signals. This isolates the 
IP data from the other services. Accessing isolated IP data requires additional equipment at the 
headend, subscriber location, or both. For example, to access an IP data channel while a 
subscriber is tuning to a regular television channel requires a separate tuner for the IP data 
channel. It is even more complicated in systems that format the IP data differently than the other 
20 services. Systems using different formats often require additional equipment in the headend and 
at the subscriber location. DOCSIS is an example of a system that requires separate equipment in 
the headend and a separate tuner at the subscriber location. This additional equipment is an extra 
expense for a subscriber television system operator or subscriber. 

Thus, there is a need for an IP data transport system that makes efficient use of the 
25 bandwidth and uses the existing structure and equipment of the subscriber television system. 

Such an efficient system should allow several levels or types of IP data service based on different 
types of IP data users. 



30 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an overview of a Digital Broadband Delivery System (DBDS). 
FIG. 2 is an overview of a system for transporting IP data between an external network and 
a subscriber location. 
35 FIG. 3 illustrates a method for an IP server to add a subnet. 
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FIG. 4 illustrates a method for creating an IP data route between a Home Communications 
Terminal (HCT) and an IP server. 

FIG. 5 illustrates a method for an IP server to add an IP Multicast route. 
FIG. 6 illustrates a method for an HCT to access an IP Multicast route and receive the 
S multicast IP data. 

FIG. 7 illustrates a method for removing a subnet from an IP server. 



DETAILED DESCRIPTION 

10 

The present invention is directed to an efficient system and method for providing IP data 
over a subscriber television system, such as a cable television system. In an exemplary 
embodiment, the present invention provides an IP data transport mechanism that makes efficient 
use of the available bandwidth and uses the existing structure and equipment of a subscriber 

1 5 television system. 

The present invention is best understood within the context of a two-way, interactive digital 
cable television system, which is referred to as a digital broadband delivery system (DBDS). The 
creation and release of IP data communications paths within a DBDS illustrate the use of the 
existing subscriber television system methods and equipment, and the resulting efficiencies 

20 produced by integrating the IP data communication into the existing structure. Referring now to 
the drawings, in which like numerals represent like elements throughout the several figures, the 
present invention will be described. 

A Subscriber Television System for Transporting IP Data 

25 FIG. 1 is an overview of a digital, interactive subscriber television system 101, which will 

provide the context for a discussion of the present invention. In this discussion, the subscriber 
television system 101 is also referred to as a Digital Broadband Delivery System (DBDS). The 
subscriber television system 101 uses MPEG transport streams for delivery of video, audio, and 
data entertainment services. These services are delivered via a broadband network to a plurality 

30 of home communications terminals (HCTs), such as the HCT 155 at subscriber location 150. An 
overview of the DBDS is provided in U.S. Patent Application No. 09/126,921, entitled 
"Conditional Access System", which is incorporated herein by reference. 

In the subscriber television system 101, MPEG content source 102 provides MPEG 
formatted video, audio and control information to the headend 105. The MPEG content source 

35 1 02 can be any of a variety of equipment such as a satellite receiver, a local encoder, or an 

application server 103. The MPEG formatted video, audio, and control information is processed 
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in headend 105. The information is then combined with the other information specific to the 
subscriber television system 101, such as local programming and control information. The 
Quadrature Amplitude Modulation (QAM) modulators 106 combine the MPEG formatted 
information for delivery as the in-band data 107 via the transmission medium 120 to the 
5 subscriber location 150. The transmission medium 120 can incorporate one or more of a variety 
of media, such as fiber, coax, hybrid fiber-coax (HFC), or other transmission media. The digital 
HCT 155 receives and decodes the in-band data 107. 

In the DBDS, video, audio, and control information are encoded as MPEG program streams, 
which are then multiplexed to form MPEG transport streams. Each MPEG transport stream is 

10 assigned to a QAM modulator 106 and modulated to a set frequency. For the HCT 1 15 to receive 
a television program, the HCT 1 1 5 must tune to the set frequency containing the television 
programming, de-multiplex the associated MPEG transport stream, and decode the appropriate 
MPEG program streams. The decoded television program is then transmitted to the TV 156 by 
the HCT 155 for display to the subscriber. 

15 Control information and other data can be communicated as the in-band data 107 or as the 

out-of-band data 108. The out-of-band data 108 is transmitted to the HCT 155 by the Quadrature 
Phase-Shift Keying (QPSK) modem array 110 via out-of-band downstream path 111. Two-way 
communication utilizes the upstream portion of the out-of-band delivery system. Out-of-band 
data from the HCT 155 is received in headend 105 via out-of-band paths 1 12 or 1 14 between the 

20 HCT 1 55 and the QPSK modem array 1 1 0. The out-of-band control information is routed 

through router 1 18 to an application server 103. The out-of-band control information includes 
such information as a pay-per-view purchase instruction and a pause viewing command from the 
subscriber location 150 to video-on-demand type application server 103. A control system 115, 
such as Scientific-Atlanta's Digital Network Control System (DNCS), monitors, controls, and 

25 coordinates all communications in the subscriber television system 101, including video, audio, 
and data. 

FIG. 2 is an overview of a system for transporting IP data between an external network 205, 
such as the Internet, and the HCT 155 at the subscriber location 150. The IP data transport occurs 
in two steps: between the external network 205 and the headend 105; and between the headend 
30 1 05 and the HCT 1 55. This system also allows the transportation of IP data from one HCT to 
another HCT within the subscriber television system 101 via the headend 105. 

In an exemplary embodiment, the subscriber television system 101 is connected to an 
external network 205, and the application server 103 (not shown in Fig. 2) is an IP server. In the 
headend 105, the IP server functions as a special type of application server 103. The IP server 
35 directs and coordinates the flow of IP data between the headend 105 and the external network 
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205 via a subnet connection 210. The subnet connection 210 is the logical connection to the 
external network 205 from the subscriber television system 101. The subnet connection 2 1 0 
allocates bandwidth within the physical connections to the external network 205 for IP data 
communication to and from the subscriber television system 101. The establishment of the 
5 subnet connection 210 includes configuring the external network 205 to send IP data to and 
receive IP data from the subscriber television system headend 105. 

The IP server also directs and coordinates the flow of IP data between the headend 105 and 
the HCT 155 via a route 250. The route 250 is a path for the flow of IP data within the subscriber 
television system 101. A communications route within the subscriber television system 101 

10 includes a Continuous Feed Session (CFS) created when the subnet is established and the route 
250. A route is established for each IP data connection. The route 250 includes both a 
downstream communications path 241 and an upstream communications path 242 within the 
transmission medium 120. Several routes may use the same CFS. A CFS is an existing 
mechanism used with MPEG transport streams. A CFS allocates a portion of an MPEG transport 

15 stream for a particular purpose. In this case, the route of the downstream IP data is located within 
the same MPEG transport stream that includes video and audio entertainment data. The IP data is 
encapsulated in an MPEG program stream and is sent to the HCT 155 via the same MPEG 
transport stream that is used to send audio and video to the HCT 155. To receive the IP data, the 
HCT 1 55 tunes to the correct frequency, demultiplexes the MPEG transport stream, and decodes 

20 the MPEG/IP data. If the HCT 1 55 is tuned to a QAM frequency for the viewing of a program 
and the IP data is in the same transport stream, no re-tuning is required. The IP data can be 
received in parallel to the television programming. The route 250 may be changed to maintain the 
parallel association between the tuning for receiving television programming and receiving IP 
data. The control information sent upstream by the HCT 155 includes the current tuning of the 

25 HCT 155. Using this information, the DNCS can dynamically change the route 250 so the user's 
IP data remains within the same MPEG transport stream as the currently tuned television 
program. 

An advantage of the IP data using the same MPEG transport stream as the program 
information is that other features of the subscriber television system 101 can be applied to the IP 

30 data. For example, routing is controlled by the Digital Network Control System (DNCS). The 
DNCS can establish a security key associated with a specific route and a specific HCT. A 
security key provides security and privacy for the IP data connection unique to the specific HCT. 
In addition, subscriber television system 101 can address each HCT by its associated, unique 
Media Access Control (MAC) address. If the IP data for the HCT F55 is addressed to the unique 

35 MAC address for the HCT 155, then only the HCT 1 55 will accept that IP data. 
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Components within the subscriber television system 101, such as the IP server, use Digital 
Storage Media-Command and Control (DSM-CC) signaling to set-up IP data encapsulation, 
continuous feed sessions, and the route 250. The DSM-CC signaling protocol is described in U.S. 
Patent No. 5,481,542, entitled "Interactive Information Services Control System", which is 
5 incorporated herein by reference. 

Creating Communications Paths for Transporting IP Data within a Subscriber Television System 

FIG. 3 illustrates a method for an IP server to add a subnet. A subnet connection is the 
logical connection to the external network from subscriber television system 101 . Establishing a 

10 subnet includes dedicating bandwidth, configuring the links, and establishing the IP addresses 
that will be used between the external network 205 and the headend 105. Additionally, the main 
downstream paths within the subscriber television system 101, such as continuous feed sessions, 
are established in association with the subnet connection. 

In an exemplary embodiment, the operator of the subscriber television system 101 defines a 

15 subnet (step 301) during initialization of the IP server, or at some later time. The process of 
defining a subnet includes deciding how big the path will be for IP data in and out of the 
subscriber television system 101 and the IP addresses that will be associated with the subnet. 

Downstream IP data communications paths are associated with a defined subnet and are 
created after the subnet is defined. In an exemplary embodiment, upon defining a subnet, the IP 

20 server requests the control system 1 1 5 to reserve bandwidth for IP data communications as a CFS 
(step 302). At the request of the IP server, the control system 1 1 5 establishes a CFS for IP data 
within the downstream portion of in-band delivery 107 (FIG 1). A CFS is a well-known 
mechanism for creating a pipeline or reserved portion of the bandwidth for a specific function. 
The present invention uses the CFS mechanism to create a downstream path for IP data. The IP 

25 server sends IP data to an IP data user at the subscriber location 1 50 via a portion of a CFS. An 
example of a specific function that would use a CFS is the downloading of a software upgrade to 
the HCT 155. To download a software upgrade, the software data is encapsulated into MPEG 
transport packets. The software data packets are inserted within the portion of the in-band 
delivery signal reserved for the CFS for delivery to the HCT 155. 

30 The control system 1 15 requests the QAM modulators 106 to create a session (step 303). 

The request could also be directed to a Broadband Integrated Gateway (BIG) that interfaces to 
the QAM modulators 106. When the establishment of a session is confirmed, a confirm session 
message is sent to the control system 1 1 5 (step 304). The control system 1 15 confirms the 
establishment of a CFS to the IP server (step 305). Multiple CFSs may be created to allow the IP 

35 data to be positioned in different portions of the bandwidth. Multiple continuous feed sessions 
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allow simultaneous single tuner data stream access for both entertainment programs and IP data. 
Thus, regardless of where the subscriber tunes, a CFS for IP data is within that portion of the 
bandwidth. 

With the subnet defined and the CFS established, the IP server communicates with the 
5 external network 205. This communication would use the appropriate messaging for the external 
network 205 such as router interface protocol (RIP) if the external network interface is a router 
that supports RIP. The Media Access Control (MAC) address unique to the IP server must be 
communicated to the interface or link with the external network 205. This identifies the 
subscriber television systems interface (i.e., the IP server) to the external network 205. The group 
10 of public IP addresses that will be used during communications and that will be associated with 
the IP server must be communicated to the external network 205. The establishment of the subnet 
creates a presence for the subscriber television system 101 on the external network 205 and 
defines the communications path between the subscriber television system 101 and the external 
network 205 (step 306). 

15 An IP data route defines the location of IP data designated for the HCT 1 55 within a 

downstream CFS pipeline and specifies the upstream communication path 242 for IP data from 
the HCT 155 to the IP server. There can be multiple downstream routes within a single CFS. 
Additionally the IP data route can specify an out-of-band data stream for downstream IP data 
communications as an option to the in-band CFS path for IP data from the IP server to the HCT 

20 1 55. This out-of-band communications path is typically used to send system control and security 
entitlement messages to the HCTs. The control system 115 will prevent IP servers from 
overrunning the downstream out-of-band communications path and interfering with the control 
and entitlement data. The operator of the subscriber television system 101 can offer and charge 
for different levels of service based on these different options for the downstream 

25 communications path. 

FIG. 4 is a diagram illustrating a method for creating an IP data route between HCT and an 
IP server. Creating an IP data route within a two-way digital network is similar to the operation 
that occurs when a computer is connected to an Internet Service Provider (ISP) using a dial up 
modem. When a computer application tries to access the dial-up network, the dial-up network 

30 client dials the phone number and logs the computer onto the ISP. At that point, IP connectivity 
is established between the computer application and the network. 

IP data access can be required by various types of application programs associated with the 
HCT 155, such as a web browser running on the HCT 155 or on a computer or peripheral device 
(not shown) connected to the HCT 155. An application program's IP data requirements may 

35 result from a variety of activities, such as the selection of a television channel with a stock ticker, 
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the selection of a hypertext link displayed by a web browser, or the selection of an "email" icon 
on the screen of the television 1 56. The application program interfaces with an IP data client on 
the HCT 1 55 for IP data access. The flow of IP data into and out of the HCT 1 55 is controlled by 
the IP data client. The IP data client is transparent to the user. The IP-based application programs 
exchange IP data with the IP server via the IP data client and allow the IP data client to handle 
the details of sending/receiving IP data from the HCT 1 55. The IP data client is the HCTs 
interface to the data route through the subscriber television system 101 to the IP server. 

The operator of the subscriber television system 101 defines multiple general IP data routes 
within the subscriber television system 101 during the initialization of the IP server or at some 
later time (step 401). The establishment of a specific route for an IP connection to the HCT 155 
is based on these defined general routes. Predefining multiple general routes allows specific 
routes to be easily changed. Typically, the HCT 155 has a single tuner for accessing both video 
and audio entertainment data and IP data. If a user changes the tuner to a different portion of the 
bandwidth while changing the television 156 channel, the IP data route can be dynamically 
switched to the same portion of the bandwidth in order to allow uninterrupted IP data 
communications. 

If an application on the HCT 155 needs an IP connection, an open socket request is sent to 
the IP data client on the HCT 1 55 (step 402). The HCT 1 55 uses an existing upstream 
communication path within the subscriber television system 101 for normal communications 
with the control system 1 1 5. The IP data client sends the IP session request over this path to the 
control system 115 (step 403). The control system 115 sends the IP session request to the IP 
server (step 404). The IP server validates the authority of the HCT 1 55 for IP data connections 
and, if it is an authorized IP data user, assigns it an IP address. 

Those skilled in the art will appreciate that there are various methods for providing IP 
addresses, such as the IP address coming from a pool of IP addresses provisioned into the IP 
server. Alternatively, it could be an IP address received by performing a proxy Dynamic Host 
Configuration Protocol (DHCP) request on behalf of the HCT 155 to the external network 205 
(step 405). The IP server monitors upstream IP data traffic and waits for an IP data application 
program associated with the HCT 155 to perform a DHCP request. The IP server then 
automatically detects the IP address assigned by a DHCP server in the external network 205. 

After the IP address has been assigned for the requested session or IP connection on the 
HCT 155, the IP server sends a session confirm message back to the control system 1 15 (step 
406). The IP session request includes upstream communication requirements for the session. 
There can be additional messaging between the IP data client and the IP server to negotiate 
resources to support the upstream communication requirements. The control system 1 15 
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establishes a specific route for the IP connection based on one of the defined general routes 
including upstream and downstream paths. The continuous feed session the specific route uses 
for the downstream path is associated with the subnet of the IP address assigned to the session. 
The control system 1 15 sends the session confirm message to the HCT 155 (step 407). The 
5 session confirm message contains an IP resource descriptor describing the IP data upstream and 
downstream paths for the HCT 155. This message includes tuning resource descriptors. The 
tuning resource descriptors instruct the HCT 1 55 how to tune to the MPEG transport stream 
transporting the downstream IP data for the HCT 155. It also includes IP resource descriptors 
containing the IP address that was assigned to the session. 

10 When the IP server receives IP data for the IP address associated with the HCT 155, the IP 

server encapsulates the IP data into MPEG transport packets with the MAC address of the HCT 
1 55 in the header. The MPEG packets are combined into the MPEG transport stream of the 
designated downstream route. Upon receiving a successful session confirm message, the HCT 
155 tunes to the appropriate QAM frequency. The HCT 1 55 creates a filter to identify the IP data 

1 5 within the MPEG transport stream that has its MAC address. After receiving the session confirm 
message, the IP data application program associated with the HCT 155 issues read commands to 
read the identified IP data (step 408). The HCT 155 then completes the read commands and 
retrieves the IP data for the application program (step 409). 

IP data that is sent from an application on the HCT 1 55 to the external network 205 is 

20 transported over an upstream path 242. The upstream route for IP data from the HCT 155 is 

determined by the level of service requested by an application on the HCT 155 or authorized by 
the operator of the subscriber television system 101 . In an exemplary embodiment, the upstream 
path is a QPSK modulated carrier. The upstream QPSK modulated carrier is divided into time 
allocations or slots. Each slot transports 48 bytes of data. Since these slots are shared by all of the 

25 HCTs connected to the QPSK modem array 1 10, a clock embedded in the downstream QPSK 
channel synchronizes the slots. Over the period of one second, each slot has a particular slot 
number associated with it. The QPSK modem array 1 10 makes the determines which slots are 
allocated for a particular use. Information regarding slot allocation is communicated to the HCT 
155 in the session confirm message. There are a variety of methods for transmitting data on one 

30 of the upstream slots. The subscriber television system can offer and charge for different levels 
of service based on these different methods. The method can be dynamically changed during a 
session by the IP client or the system operator. For example, a session could start using a method 
with slots reserved specifically for the session and, if there is no activity for more than five 
minutes, the session could be automatically switch by the system operator to a method with no 

35 reserved slots. Each method or combination of methods will provide a different Quality of 
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Service (QoS) to the IP data application. In an exemplary embodiment, three methods or 
transmission protocols are included: Time Division Multiple Access (TDMA), Slotted-Aloha, 



The TDMA protocol provides an application on the HCT 155 with a number of slots that are 
guaranteed to be available to the HCT 155. These slots are reserved for the HCT 155 during the 
session set-up scenario and are released when the session is torn down. TDMA slots may be 
spaced to provide a low latency upstream path. This supports applications that need a fast 
interface between the IP data client and IP server. Games requiring instantaneous feed back fall 
into this category. Although the regular spacing of slots works well for information that easily 
fits into the slot, IP data also involves the transportation of large data files. A large file is divided 
into several slot-sized packets. If the packets can be sent together, there is less time spent waiting 
on the entire file to be received and verified. Therefore, in addition to regular spacing, slots may 
be grouped together to allow larger payloads to be accommodated in a more efficient manner. 
The TDMA type session set-up actually reserves a specific allocation of slots for a session. 
Resource descriptors included in the session confirm message informs the HCT 155 which slots 
are allocated to that session. Using TDMA protocol, an application has a set QoS and does not 
compete with the other HCTs on the subscriber television system 101 for upstream bandwidth. 

The Slotted Aloha protocol provides a best effort or opportunistic delivery of IP datagrams 
from the HCT 155 to the IP server. When an application is configured to use slotted aloha, it 
sends data on a slotted aloha slot whenever it has data to send. When the QPSK modem array 1 10 
receives a complete message over the slotted aloha communications path, it echoes the header of 
the IP data message back over the downstream QPSK channel. The HCT 155 must receive this 
header in order to determine if the data was successfully sent. If the data was not received by the 
QPSK modem array 1 10, no echo is sent and the HCT 155 tries to send the IP data again on the 
next available slot. Before resending the data, the HCT 155 waits a random period of time to 
minimize the chance of data collisions. There are no configuration parameters required to set-up 
the HCT 155 for sending slotted aloha IP data. An upstream descriptor is included in the session 
confirm message to inform the HCT 155 application that it is using this protocol. The control 
system 1 1 5 keeps track of the number of HCTs using the slotted aloha slots. This information 
may be used to determine the average QoS at any given time for the slotted aloha portion of the 
upstream communications path. With the Slotted Aloha protocol, no slot or bandwidth is 
reserved, so unused slots are available to other IP data users. The Slotted Aloha protocol provides 
a more efficient use of the bandwidth. 

Request data slot allocation is a combination of slotted aloha and TDMA. Periodically, the 
QPSK modem array 1 10 will send a message to all HCTs authorized for IP data connections 



and request data slot allocation. 
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allowing them to request upstream slots. HCTs with data to send respond to this message. The 
QPSK modem array 1 10 then assigns a number of data slots to a responding HCT so it may send 
data. These slot assignments are only valid once, so if an HCT has additional data to send, it must 
request more slots. Like slotted aloha, there are no specific configuration parameters other than a 
5 resource descriptor that informs the HCT to use the request data slot allocation protocol to obtain 
slots. The request data slot allocation protocol is very efficiently since slots are assigned only to 
an HCT with data to send. 

FIG. 5 illustrates a method for an IP server to add an IP Multicast route. Multicast IP 
addresses are used on the Internet to provide web-casting services. Routing of Multicast IP data 

10 is very similar to routing IP data that is addressed to a specific HCT. Instead of addressing the 
packets to the MAC address of a specific HCT, the Multicast packets are addressed using the 
Internet Engine Task Force (IETF) Multicast to MAC address mapping scheme. 

The operator of the subscriber television system 101 decides which Multicast IP data 
sources will be carried over the subscriber television system 101. The operator can allow any 

15 requested Multicast IP data source to be dynamically activated or may, to control the content, 

create a database of allowable Multicast IP data sources. An allowable Multicast IP data sources 
database would include some Multicast IP data sources that are always active and some Multicast 
IP data sources that are dynamically activated upon request. The selected Multicast IP data 
addresses and associated subnets are assigned and stored in an IP server database by the operator 

20 of the subscriber television system 101 during initialization of the IP server or at some later time 
(step 501). This step can occur in real time. The IP server requests a bandwidth reservation from 
the transport network by sending a Continuous Feed Session Request message to the control 
system 115 (step 502). This request contains the bandwidth reservation requirements for the 
session and the type of delivery mechanism that the IP server will use to get the encapsulated 

25 data into the downstream path. 

The control system 1 15 identifies the appropriate subscriber television system 
component(s), such as the BIG or one of the QAM modulators 106, to set-up a downstream 
pathway for the requested session. The control system 115 requests and sets up a session on the 
identified component(s) (step 503). The messaging used is an internal signaling protocol between 

30 the control system 115 and the identified component(s). When the session set-up is confirmed by 
the BIG and/or the QAM modulators 106 (step 504), the control system 115 informs the IP server 
by sending the Continuous Feed Session Confirm message (step 505). The IP server may then 
begin sending Multicast IP data over the indicated route. The IP server informs the external 
network 205 to send the Multicast IP datagrams for the Multicast address to the IP server's MAC 

35 address (step 506). This is done using the appropriate messaging for the external network 205. If 
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the link to the external network 205 is a router that supports Internet Group Multicast Protocol 
(IGMP), this message is an IGMP message. The message includes the new Multicast IP address 
and the MAC address of the IP server. 

It is not required that each Multicast address be transported over a separate session. It is 
possible that any or all Multicast addresses and subnets may be sent over the same session. When 
ail the Multicast addresses are in the same CFS, an IP data user can tune to a single CFS for all 
Multicast IP data. This is determined by the configuration of the IP server. In the case where 
multiple Multicast addresses or IP subnets are sharing the same session, steps 502-505 of this 
method are executed only once. 

After the completion of this scenario, a CFS is available to transport encapsulated IP 
datagrams over the reserved bandwidth and the external network is configured to route IP 
datagrams to the IP server. Because Multicast IP is a broadcast service, the IP server will 
immediately begin sending Multicast IP data for the defined Multicast IP address over the 
subscriber television system 101. 

FIG. 6 illustrates a method for an HCT to access an IP Multicast route and receive the 
multicast IP data. The operator of the able television system 101 defines multiple IP data routes 
within the subscriber television system 101 during initialization of the IP server or at some later 
time (step 601). 

Unlike the method where the HCT 155 is assigned an IP address and IP traffic is routed to 
that address, this method requires that the HCT 155 request the IP Multicast address of each IP 
Multicast data source. The Multicast IP data routes may be allocated across different portions of 
the bandwidth. The HCT 155 is required to contact the IP Server to determine how to tune to 
each particular IP Multicast data source. 

An application program, associated with the HCT 155, opens a socket by sending a request 
to the IP data client and requesting a connection to a Multicast IP data source (step 602). The IP 
data client determines that the socket requires a connection to the Internet. The IP data client 
sends a session set up request to the control system 1 1 5 with the address of the IP server and the 
requested Multicast IP data source (step 603). The control system 1 15 routes the request to the IP 
server (step 604). The IP server validates the authority of the HCT 155 for IP data connections. If 
the HCT 155 is an authorized IP data user, the IP server determines if data from the Multicast IP 
data source is currently being sent in a CFS. If it is not, the IP server may dynamically add the 
Multicast subnet and route. When the IP server has determined which CFS contains IP data from 
the Multicast IP data source, it sends a session confirm message to the control system 1 1 5 (step 
605). The control system 115 sends the session confirm message to the HCT 155 (step 606). This 
message includes tuning resource descriptors instructing the HCT 1 55 to tune to the transport 
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stream that includes IP data from the Multicast IP data source. Upon receiving a successful 
confirm message, the HCT 155 tunes to the appropriate portion of the bandwidth, such as a 
specific QAM frequency, and creates a filter for receiving the Multicast IP data. The filter is 
created using the MAC address mapping included in the session confirm message for the 
5 Multicast IP route. At the HCT 1 55, the IP data application issues read commands on the socket 
(step 607). The IP server receives and encapsulates Multicast IP data from the external network 
205 using a Multicast mapped MAC address. The IP server sends Multicast IP data with the 
mapped MAC address via the CFS. The read command is completed when the HCT 1 55 receives 
the Multicast IP data with the mapped MAC address (step 608). 
10 The creation of a Multicast IP route and subnet may be deferred until access to that 

particular Multicast IP data source is requested by the HCT 155. The methods described in FIG. 
5 and FIG. 6 may be combined to dynamically allow access to a particular Multicast IP data upon 
request. 

15 Releasing Communications Paths for Transporting IP Data within a Subscriber Television 
System 

The creation of a subnet reserves a portion of the bandwidth of transmission medium 120 
for IP data communications as a continuous feed session (CFS). If the bandwidth is not being 
used, it is more efficient to release the bandwidth in order to allow other subscriber television 

20 system services to utilize the bandwidth. 

When an existing subnet is removed from the IP server database, the associated CFS's 
reserved bandwidth in transmission medium 120 is released and the external network 205 is 
configured to stop sending IP datagrams for that subnet to the IP server. Additionally, any routes 
using the removed subnet are torn down and any additional resources used by those routes are 

25 released, including upstream communication paths. 

FIG. 7 illustrates a method for removing a subnet from an IP server. In an exemplary 
embodiment, when an IP subnet is removed from the IP server, all IP data routes connected to the 
continuous feed session transporting that subnet must first be torn down. In the method of Fig. 7, 
the subscriber television system operator instructs the IP server to delete a subnet (step 701). 

30 Before removing the subnet, the IP server initiates a route tear down message for each IP 

data route connected to the subnet. The IP server sends each route tear down message to the 
control system 1 15. The route tear down message can include the CFS and all associated routes 
to be removed. The control system 1 1 5 sends the route tear down message to the appropriate 
components in the headend 105 and to the IP client on the HCT 155. The route is torn down and 
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any resources used by the route are released. Step 702 includes the messaging, tear down 
instructions, actual removal of the route from the IP database, and the release of any resources. 

Once all necessary routes are released, the IP server informs the external network 205 to 
stop sending IP datagrams for that subnet to the IP server (step703). This is done using the 
5 appropriate messaging for the external network 205. In the case where the link to the external 
network 205 is a router that supports RIP, this message is a RIP message with the appropriate 
information. 

The IP server releases the reserved bandwidth by sending a session tear down message to 
the control system 115 (step 704). The control system 115 releases the session on the appropriate 

10 components, such as the BIG or one of the QAM modulators 106, by sending a session tear down 
message (step 705). This messaging from control system 115 could use internal signaling 
protocol between control system 1 15 and the appropriate components. The session release is 
confirmed by the BIG and/or QAM (step 706). The control system 1 15 confirms to the IP server 
that the CFS has been removed using the session tear down confirm message (step 707). After the 

1 5 completion of step 707, the resources used by the subnet are available and IP Datagrams for that 
subnet are no longer sent to the IP server. 

The release of an IP route may be initiated by the IP server, by the operator of the subscriber 
television system 101, by the IP data user, or by the IP data client. If the route release is initiated 
by the HCT 1 55, a message is sent to the IP server. The IP server then determines what to do 

20 with the route. The route could be reassigned, maintained in an idle state, or torn down. If the 
route is to be torn down the IP server initiates step 702, including the messaging, tear down 
instructions, actual removal of the route from the IP database, and the release of any resources. 

CONCLUSION 

25 From the foregoing, it will be appreciated that the present invention provides an IP data 

transport method and system that makes efficient use of the bandwidth and uses the existing 
structure and equipment of an interactive digital subscriber television system. The present 
invention also allows several types, or levels, of IP data service within a subscriber television 
system. The present invention assigns a true Internet visible IP address, even if just on a 

30 temporary basis, to the IP data application on an HCT. The assignment of a true Internet visible 
IP address provides a familiar environment for developers of PC and workstation applications to 
develop applications for the HCT 1 55. 

Those skilled in the art will appreciate that the physical IP server may be a single physical 
component, may be a module within another physical component, or may include several 

35 physical components. For example, a configuration could include one physical IP server 
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component performing the addressing, routing, and subnet management functions while other 
components perform the IP data handling functions, such as the IP data encapsulation into MPEG 
transport packets. The IP server may include the functionality of an Internet Service Provider 
(ISP). An ISP module located within the physical IP server would be configured to send and 
5 receive the IP data directly with the external network 205. 

The present invention has been described in relation to particular embodiments, which are 
intended in all respects to be illustrative rather than restrictive. For example, although the present 
invention has been described in the context of a two-way digital broadband subscriber system 
that transports MPEG data and uses QAM and QPSK modulation, those skilled in the art will 

10 appreciate that the present invention may be employed in one-way systems and systems using 
other encoding and modulation techniques. As an additional example, although the present 
invention has been described in the context of using DSM-CC methods for signaling and IP data 
encapsulation, those skilled in the art will appreciate that the present invention may be employed 
using other signaling and IP data encapsulation techniques. 

15 In conclusion, while exemplary embodiments of the invention have been illustrated and 

described, it will be clear that the invention is not so limited. Alternative embodiments will be 
apparent to those skilled in the art to which the present invention pertains without departing from 
its spirit or scope. Accordingly the appended claims rather than the foregoing description define 
the scope of the present invention. 

20 What is claimed is: 
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CLAIMS 

1 . A method for transporting Internet Protocol data over a subscriber television system 
including a headend, a transmission medium, and a plurality of Home Communication 

5 Terminals, with at least one Home Communications Terminal authorized for receiving the 
Internet Protocol data, comprising the steps of: 

establishing a subnet connection for transporting the Internet Protocol data from a server 
in the headend to an external network; 

receiving at the headend a request for an Internet Protocol connection from the 
10 authorized Home Communication Terminal; 

assigning at the headend an Internet Protocol address to the authorized Home 
Communications Terminal for the duration of the Internet Protocol connection; 

establishing a route for the Internet Protocol data from the authorized Home 
Communications Terminal to the server and from the server to the authorized Home 
1 5 Communications Terminal over the transmission medium; 

transmitting from the headend to the authorized Home Communications Terminal the 
route for the Internet Protocol connection; 

communicating between the authorized Home Communications Terminal and the 
external network via the route and the subnet connection; and 
20 releasing the route and assigned Internet Protocol address upon termination of the 

Internet Protocol connection. 

2. The method of claim 1, wherein the Internet Protocol data is encapsulated and 
communicated between the authorized Home Communications Terminal and the headend within 

25 a digital data stream that includes television programming. 

3. The method of claim 2, wherein the Internet Protocol data is encapsulated into Motion 
Picture Experts Group (MPEG) transport packets. 

30 4. The method of claim 1, wherein the step of assigning an Internet Protocol address 

includes correlating the assigned Internet Protocol address to a Media Access Control (MAC) 
address associated with the authorized Home Communication Terminal. 
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5. The method of claim 1 , wherein the step of establishing the route for the Internet 
Protocol data includes establishing and using a portion of a continuous feed session for the 
Internet Protocol data from the server to the authorized Home Communication Terminal. 

6. The method of claim I, wherein the steps of establishing and releasing the route for 
Internet Protocol data comprises Digital Storage Media-Command and Control (DSM-CC) 
signaling techniques. 



7. The method of claim I, wherein the step of establishing a route includes using a protocol 
10 for the Internet Protocol data from the authorized Home Communications Terminal to the server, 
the protocol being selected from Time Division Multiple Access, Slotted- Aloha, and request data 
slot allocation. 



8. The method of claim I, wherein the step of establishing a route for the Internet Protocol 
15 data includes establishing and using a session security key uniquely associated with the route. 

9. A method for transporting Internet Protocol data over a subscriber television system 
including a headend, a transmission medium, and a plurality of Home Communication 
Terminals, with at least one Home Communications Terminal authorized for receiving the 

20 Internet Protocol data, comprising the steps of: 

establishing a subnet connection for transporting the Internet Protocol data from a server 
in the headend to an external network; 

receiving at the headend a request for an Internet Protocol connection from the 
authorized Home Communication Terminal, including a Media Access Control (MAC) address 
25 associated with the authorized Home Communication Terminal; 

assigning at the headend an Internet Protocol address to the authorized Home 
Communications Terminal for the duration of the Internet Protocol connection; 

maintaining in a database in the headend, a relationship between the assigned Internet 
Protocol address and the Media Access Control (MAC) address associated with the authorized 
30 Home Communication Terminal, the relationship being maintained for at least the duration of the 
Internet Protocol connection; 

establishing a downstream route for the IP data from the server to the authorized Home 
Communications Terminal over the transmission medium within a downstream bandwidth, 
wherein the downstream bandwidth includes at least a portion of a television program; 
35 establishing an upstream route for the Internet Protocol data from the authorized Home 
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Communications Terminal to the server over the transmission medium within an upstream 
bandwidth, wherein the upstream route uses a protocol selected from Time Division Multiple 
Access, Slotted-Aloha, and request data slot allocation; 

transmitting from the headend to the authorized Home Communications Terminal the 
5 downstream route and the upstream route for the Internet Protocol connection; 

communicating the Internet Protocol data between the authorized Home 
Communications Terminal and the server via the downstream route and the upstream route, 
wherein the Internet Protocol data is encapsulated into packets; 

communicating the Internet Protocol data between the server and the external network 
1 0 via the subnet connection; and 

releasing the assigned Internet Protocol address, the downstream route and the upstream 
route upon termination of the Internet Protocol connection. 

10. A method of creating and removing Internet Protocol data communications paths within 
a television system, comprising the steps of: 

establishing a subnet connection between the television system and an external network; 
establishing a continuous feed session within the television system for the transportation 
of the Internet Protocol data; 

receiving a request for a Internet Protocol connection; 

assigning an Internet Protocol address for the duration of the Internet Protocol 
connection to the requester of the Internet Protocol connection; 

designating a route including at least a portion of the continuous feed session for the 
Internet Protocol data for the duration of the Internet Protocol connection; 

communicating the Internet Protocol data over the established subnet and designated 
route for the duration of the Internet Protocol connection; and 

releasing the Internet Protocol address assignment and the route designation within the 
television system upon termination of the Internet Protocol connection. 

1 1 . The method of claim 10, wherein the steps of establishing a continuous feed session and 
30 releasing the route designation comprises Digital Storage Media-Command and Control (DSM- 

CC) signaling techniques. 
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12. An application server for establishing, using, and deleting an Internet Protocol data 
communications route within a television system between the application server and an 
authorized Home Communications Terminal and between the application server and an external 
network, the application server comprising: 
5 means for establishing an external communications route between an external 

network and the application server located in a headend of the television system, for 
communicating Internet Protocol data between the application server and the external network 
using an Internet Protocol address from the application server, and for releasing the external 
communications route; 

10 a processor for requesting the establishment of an internal communications route 

between the authorized Home Communications Terminal requesting an Internet Protocol 
connection and the application server for the duration of the Internet Protocol connection, 
releasing the internal communications route upon termination of the Internet Protocol 
connection, and for communicating Internet Protocol data between the authorized Home 

1 5 Communications Terminal and the application server over the internal communications route, 

wherein the Internet Protocol address for communicating with the external network is associated 
with the authorized Home Communications Terminal for the duration of the Internet Protocol 
connection and is released upon termination of the Internet Protocol connection; and 

means for encapsulating and unencapsulating the Internet Protocol data for 

20 communication between the authorized Home Communications Terminal and the application 
server. 



13. The application server of claim 12, wherein the means for encapsulating and 
unencapsulating uses Motion Picture Experts Group (MPEG) transport packets for the Internet 
25 Protocol data. 



14. The application server of claim 12, wherein the processor uses a Media Access Control 
(MAC) address of the authorized Home Communications Terminal to associate with the Internet 
Protocol address for communicating with the external network. 

15. The application server of claim 12, wherein the internal communications route uses at 
least a portion of a continuous feed session for communications from the applications server to 
the authorized Home Communication Terminal. 
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16. The application server of claim 12, wherein the internal communications route uses a 
protocol for communications from the authorized Home Communications Terminal to the 
applications server, the protocol selected from Time Division Multiple Access, Slotted-Aloha, 
and request data slots allocation. 

17. The application server of claim 12, wherein the establishment of the internal 
communications route uses Digital Storage Media-Command and Control (DSM-CC) signaling 
techniques. 

18. An application server for establishing and using an Internet Protocol data 
communications route within a television system between the application server and an 
authorized Home Communications Terminal and between the application server and an external 
network, the application server comprising: 

means for establishing a subnet connection to the external network; 

means for receiving a request for an Internet Protocol connection from an authorized 
Home Communication Terminal; 

means for requesting establishment of an internal communications route for Internet 
Protocol data within the television system between the applications server and the authorized 
Home Communication Terminal, wherein the internal communications route requested is based 
on the type of Internet Protocol data connection required by the authorized Home 
Communication Terminal; 

means for assigning an Internet Protocol address to the authorized Home 
Communications Terminal for the duration of the Internet Protocol connection; 

a memory for maintaining a database of all Internet Protocol addresses associated 
with the application server and for maintaining the relationship of the authorized Home 
Communications Terminal and the assigned Internet Protocol address associated with the 
authorized Home Communications Terminal at least for the duration of a Internet Protocol 
connection; and 



network for communication to the authorized Home Communications Terminal and 
unencapsulating the Internet Protocol data received from the authorized Home Communications 
Terminal for communication to the external network; 

means for releasing the internal communications route for Internet Protocol data 
upon termination of the Internet Protocol connection. 



means for encapsulating the Internet Protocol data received from the external 
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19. The application server of claim 1 8, wherein the means for encapsulating and 
unencapsulating uses Motion Picture Experts Group (MPEG) transport packets for the Internet 
Protocol data. 

5 20. The application server of claim 18, wherein the establishment of the internal 

communications route uses Digital Storage Media-Command and Control (DSM-CC) signaling 
techniques. 

21 . A subscriber television system for communicating Internet Protocol data with an external 
1 0 network, the system comprising: 

a Home Communications Terminal capable of encapsulating and unencapsulating the 
Internet Protocol data; 

a headend, wherein the headend includes: 

an interface to an external network for establishing a subnet connection to the 
1 5 external network and for communicating the Internet Protocol data with the external connection, 
means for establishing, maintaining, communicating over, and releasing a 
communications route from the applications server to the Home Communications Terminal 
within the subscriber television system, 

means for encapsulating and unencapsulating the Internet Protocol data for 
20 communication with the Home Communication Terminal; and 

a transmission medium for connecting the Home Communications Terminal to the 
headend. 

22. The subscriber television system of claim 21, wherein the headend means for 

25 encapsulating and unencapsulating the Internet Protocol data uses Motion Picture Experts Group 
(MPEG) transport packets for the Internet Protocol data. 

23. The subscriber television system of claim 22, wherein the Motion Picture Experts Group 
(MPEG) transport packets for the Internet Protocol data include in each Motion Picture Experts 

30 Group (MPEG) transport packet header a Media Access Control (MAC) address associated with 
the Home Communication Terminal. 

24. The subscriber television system of claim 21, wherein the headend includes a subscriber 
television system controller for establishing and releasing a continuous feed session. 

35 
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25. The subscriber television system of claim 24, wherein the continuous feed session 
supports multicast Internet Protocol data from the external network. 

26. The subscriber television system of claim 21, wherein the means for establishing, 

5 maintaining, communicating over, and releasing the communications route uses at least a portion 
of a continuous feed session. 

27. The subscriber television system of claim 21, wherein the means for establishing, 
maintaining, communicating over, and releasing the communications route uses a protocol for 

10 communications from the Home Communications Terminal to the application server, the 

protocol selected from Time Division Multiple Access, Slotted-Aloha, and request data slot 
allocation. 

28. The subscriber television system of claim 21, wherein the means for establishing, 

1 5 maintaining, communicating over, and releasing the communications route allows the external 

network using Dynamic Host Configuration Protocol to assign an Internet Protocol address to the 
Home Communication Terminal. 

29. The subscriber television system of claim 21, wherein the headend includes a means for 
20 correlating a public Internet Protocol address associated with the headend to a Media Access 

Control (MAC) address associated with the Home Communication Terminal. 

30. The subscriber television system of claim 21, wherein the Home Communications 
Terminal includes a means for using and the headend includes a means for establishing and using 

25 a session security key uniquely associated with the communication route. 

3 1 . The subscriber television system of claim 2 1 , wherein the means for establishing, 
maintaining, communicating over, and releasing the communications route is responsive to the 
tuning of the Home Communications Terminal and modifies the communications route based on 

30 the tuning of the Home Communication Terminal. 

32. The subscriber television system of claim 21, wherein the means for establishing, 
maintaining, communicating over, and releasing the communications route uses Digital Storage 
Media-Command and Control (DSM-CC) signaling techniques. 
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